Bimodal Actions of a Naphthyridone/Aminopiperidine-Based Antibacterial That Targets Gyrase and Topoisomerase IV.
Gyrase and topoisomerase IV are the targets of fluoroquinolone antibacterials. However, the rise in antimicrobial resistance has undermined the clinical use of this important drug class. Therefore, it is critical to identify new agents that maintain activity against fluoroquinolone-resistant strains. One approach is to develop non-fluoroquinolone drugs that also target gyrase and topoisomerase IV but interact differently with the enzymes. This has led to the development of the "novel bacterial topoisomerase inhibitor" (NBTI) class of antibacterials. Despite the clinical potential of NBTIs, there is a relative paucity of data describing their mechanism of action against bacterial type II topoisomerases. Consequently, we characterized the activity of GSK126, a naphthyridone/aminopiperidine-based NBTI, against a variety of Gram-positive and Gram-negative bacterial type II topoisomerases, including gyrase from Mycobacterium tuberculosis and gyrase and topoisomerase IV from Bacillus anthracis and Escherichia coli. GSK126 enhanced single-stranded DNA cleavage and suppressed double-stranded cleavage mediated by these enzymes. It was also a potent inhibitor of gyrase-catalyzed DNA supercoiling and topoisomerase IV-catalyzed decatenation. Thus, GSK126 displays a similar bimodal mechanism of action across a variety of species. In contrast, GSK126 displayed a variable ability to overcome fluoroquinolone resistance mutations across these same species. Our results suggest that NBTIs elicit their antibacterial effects by two different mechanisms: inhibition of gyrase/topoisomerase IV catalytic activity or enhancement of enzyme-mediated DNA cleavage. Furthermore, the relative importance of these two mechanisms appears to differ from species to species. Therefore, we propose that the mechanistic basis for the antibacterial properties of NBTIs is bimodal in nature.